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The Relativistic Heavy Ion Colhder at BNL

Two independent rings 3.83 k in
circumference

— 120 bunches/ring

— 106 ns crossing time
Maximum Energy

— 87 =500 GeV p-p

— 8”7 =200 GeV/N-N Au-Au
Design Luminosity

—  Au-Au 2x1026 cm2s!

5 it

—  p-p 2x10°2cm32s! (polarized)

Capable of colliding any nuclear
species on any other nuclear species




The RHIC Run History

The RHIC machine performance has been
very impressive:

»Machine is delivering design luminosity(+) for
AuAu

»Collided 3 different species in 4 years
*AuAu, dAu, pp

>3 energies run
*19 GeV, 130 GeV, 200 GeV

> 15t operation of a polarized hadron collider

PHENIX Year Species s12[GeV | N, (sampled)  Data Size
Runl 2000 Au-Au 130 . 10M 3TB

Run2 2001/02 Au-Au 200 - 170M 10 TB
Au-Au 19 <1M
P-p 200 . - 3.7G 20 TB

2002/03 d-Au 200 74 nb° 5.5G 46 TB
p-p 200 35 pb- 6.6G 35 TB

2003/04 Au-Au 200 ) 500M+ ongoing 70 TB
pP-p 200







RHIC Physics Program

Heavy Ion Physics:
*Quark Gluon Plasma & hot dense nuclear matter
»>Particle mult., E, single particle spectra, particle correlations, vector mesons,
strange baryons, heavy quarks, photons (direct & virtual)...
Polarized Protons:
*Nucleon Spin
»>Gluon spin: AG, sea quark spin: Au, Ad. Nucleon transverse spin distr.
Proton-Nucleus:
*Structure function physics
» Gluon structure function saturation, shadowing, anti-shadowing...

What have the four RHIC experiments (BRAHMS, PHENIX, PHOBOS,
STAR) measured at RHIC so far ?

YJ e i! ,"l i, Tci! TCOJ Ki! K*0(892), KSO, n, p! d, pol (I), A!

A, =*(1385), A*(1520), =*, Q, DO, D%, D*, J/¥’s,

(+ anti-particles) ... _,



Au on Au Central Collision Event

Spectrometer Arm N

Trigger
Scintillators




The BRAHMS Detector

BRAHMS E imental Set e e el

Xperimenial oeTup | —  wuiiiciy Arays
Beam-Beam Counters
& Zero Degree Calorimeters
Time Projection Chamber
Drift Chamber

100 cm [ ] Cherenkov Detector

vz [

Mid-Rapidity Spectrometer ]
]

TOFW ——




Brahms Particle ldentification
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Brahms Particle S

Top 5% central collisions
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RHIC The PHOBOS Detector

Cerenekov Trigger Counters Time of Flight Counters

Octagon Multiplicity Detector
+ Vertex Detector (Silicon)

Ring Multiplicity Detectors
(Silicon)

Paddle Trigger Counters



Silicon Everywhere

137,000
channels
in total

Strips and
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RHIC

Hits and Tracks in PHOBOS
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TPC Gas Volume & Electrostatic Field Cage

*Two-track separation 2.5 cm

‘Momentum Resolution < 2%

*Space point resolution ~ 500 mm

| dE/dx Vs.P |
0.12K10"
E T 2\ ¥} dE/dx PID range:
":3 ~ 0.7 GeVIc for Kin
g B ~ 1.0 GeV/c for K/p
B
2 0

prton

0.06

0.04

0.02F=%

D 1 L 1 L | L I

107 1 p(Gevic)
* Gas: P10 (Ar-CH, 90%-10%) @ 1 atm Self supporting Inner Field Cage:
Voltage : - 28 kV at the central membrane Al on Kapton using Nomex

135 Vicm over 210 cm drift path honeycomb; 0.5% rad length



Particle ID using Topology & Combinatorics

Secondary vertex:
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Multi-strange Baryons

counts
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Photon and t° ID

_ . . 200

 The e*e” pair from y conversion § .
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The STAR electromagnetic calorimeter

Year 2003 barrel EMC

— p+p and d+Au runs at 200
GeV/A

— 0<n<1.0
— Full azimuthal coverage

— 60 modules

— 40 towers/module
« 21X,
* (AN, Ad);ywer ~ (0.05, 0.05)
* SE/E ~16%/E

— Shower max detector
 Positioned at ~5 X,
* Larger spatial resolution
* (An, Ap) ~ (0.007, 0.007)
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The PHENIX Detector

» Detector Redundancy B~ — =
> Fine Granularity, Mass Resolution || S

» High Data Rate

» Good Particle ID

» Limited Acceptance

Charged Particle Tracking:
Drift Chamber
Pad Chamber : ~
Time Expansion Chamber/TRD 4 e &
Cathode Strip Chambers _. f-
Particle ID:
Time of Flight
Ring Imaging Cerenkov Counter
TEC/TRD
Muon ID (PDT’s)
Calorimetry:
Pb Scintillator
Pb Glass

Event Characterization:
Multiplicity Vertex Detector (Si Strip,Pad)
Beam-Beam Counter
Zero Degree Calorimeter/Shower Max Detector
Forward Calorimeter

Normalization Trigger Counters




RHIC

e Jet -chamber anode/cathode structure
modified for HI high multiplicity

* Joint Russia/US design & construction
 All Titanium frame

Central Tracklng Drift Chamber

V1. plane

U2 - plane

V1 - plane

UL - plane

:msid {arme==08&elf-=1&&abs{resld)<22 k& plane<12} | Chi2 [ ndf = 122.1 118

Constant « 4381e+04 171,89

 0,=120 pm, two-track sep = 2mm
Central Au Au Event
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Central Tracking:

Time Expansion Chamber

24 TEC Chambers arranged in 4, 6-Chamber sectors
Used for tracking and PID (dE/dx,TR). .= 260 pm

dE/dx: e/ = 5% at 500 MeV/c (4 pls),
Important for momentum resolution

TR polypropylene fiber/foam radiator

e/t =1.5% (6pls)
pr> 4.0 GeV/e

packs installed

18,
? 155__ T Momentum Resoclution (Monte Carlo)
E I‘I ® Standard momentum recomstruchion
o E * Kalman fit, east sm (DC+PCIISTEC)
=] 12 * Kalman fit. west arm [DC+PC123)
s 200
s/
£
E Viledon C 1900/034 Total size of package
2t 100 17-20 micron fiber ~170cm x 23em x 6,75 em
6' . - s - 0 E— s 20 - - '25 packed to .059g/em™2
p(GeVic)
Momentum Resolution o 1800f-
& 16001
3
%1400
100 -100/- 1200
[ 1000
80 200 800
600}
o I IR B R 3
-300 1 1 1 1 1 00f i
-500 -400 -300 -200 ~-100 O |
401 PHENIX Global Coordinates {¢m) ‘0 100 200 300 400 500 600 700 8OO
dE/dX for time bins > 40
L3
. Tracks in TEC from .
e/ Separation
. Central Au-Au Collisions .
Pl T b b WA uSlngTR&dE/dX 22
-1 08 -06 -04 -02 -0 02 04 06 08 1

TEC Space Resolution, cm



p <5 GeV/e

5120 PMTs sensitive to single photoelectrons,

6, <1ns

Ring resolution ~1°in both ® and n

Gas radiator CO, e/r separation for

Particle ID Detectors: RICH

Charm signal measured in PHENIX Central Arms

(1/2n p,)dN/dp,dy [(c/GeV)?]

2
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Aerogel Sector in PHENIX

PHENIX Detector

Install 4 m? Aerogel array by 2005
2 m? array is installed now

*Aerogel is SiO,-based material

Aerogel Array | A%
4 £ | /Index n=1.0114

-Additional TOF (mRPC) array to be

installed behind Aerogel

*Particle ID to > 8 GeV/c forr, K, p

160 Cells : 16 x 10
PMT’s
Light Mixer

4 6 8 10
Momentum (GeV/c)

S g ----n=1.00041 (CO’,1atm.)
—n=1.0114 (AEROGEL)

@
I

Aerogel Cell
(11x22x11 cm?)

Aerogel in here

\}IHIHI[IH'HIIEIIEIII'Illlll

Aluminum Box



Particle ID Detectors: EM Calorimeter

60 m? of calorimeter (6 Sectors Pb Scin, 2 Sectors PbGlass)
Very Fine Segmentation .01 x .01 (AD x An)

o, ~ 600 ps Pb Glass

or = 10%/4E+6.5% Pb Scin, o =8.5%/«'E+9.0% Pb

Timing o, ~ 340 ps Pb Scin

0 ¢
24,768 channels total, all PMTs n° ‘s from d Au events
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PHENIX Muon Arms

3 CSC tracking stations/ Muon spec. arm
Each CSC station has a pos. resolution of 5,=100 pm
20k elec. channels/ arm

5 layers of steel absbr plate interleaved w/ 5 layers of larocci tubes (2x,2y 4pins/layer)
Active cross section of each wall 10m x 10m

North South
[ dimuon mass T 200 GeV d+Au [ fmionmesst) | 200 GeV d+Au
E w E_ " Uncorrected Data, 3 é_ W“"'w:x_uﬂ Uncorrected Data
LB %a;% Opposite-sign pairs N t"aﬂ# opposite-sign pairs
: i, I same-sign pair bkgd E %# same-sign pair bked
10 g— ++:|:mﬁﬂ%+ ‘t 10 = t Jfﬂ# # le[
- M (NS e
| dimuonmass(sig‘lall | e | ‘i__._': _ ?m;ml = | dimuon mass i
§ 1::;: ~ 356 J/LP’S ‘Dm - N -‘ W $ 1::;_ _ 232 J/\P,S
or 3.11+.01 GeV ns 3.18 .03 GeV
} }HH 6 =145+ 11 MeV . | e ey
05 H H | I|H ++++++++L+T¢+#I+ e J 20:_ i } T
2n§— | U”H Tﬂ * _05_ I ‘ |U L S A T
Dimuon Mass (GeV/c) e o I;im;on4Ma:ss (ﬁGe\T//c)s s

.



What is in the Future for the RHIC
Experiments?

Expect RHIC 10X luminosity upgrade by 2010-2012.
Need to upgrade to exploit new physics discoveries and to
handle increased luminosity.

* Si Vertex detectors for tracking and displaced vertices
 GEM technology

— micro-TPC’s

— Hadron-blind detectors (GEM’s with CslI doping)
 More calorimeter coverage

— Both EM and hadronic
* Additional Time of Flight

— mRPC’s for both PID and triggering




RHIC PHENIX Detector Upgrade

T~
PH;}}({:EN'X PHENIX Detector

West Beam View East

CENTRAL MAGHET ——___
\ QUTER COL T .
CENTRAL MAGHET g
AE PIECE .

. 2 - N\,
CF4 radiator § \
CENTRAL MAGNET
MR e

oy
.. P doem
§oucjumesh o
B 55Cm -

. ~S00V

Hadron-blind Detector
*Triple-GEM w/ Csl doping.
*CF4 radiator gas

e SO 77w\ Nl S
- /—\\\‘!g’/// [ D . -

~5kW

m,

le




RHIC
'V__
\/
PH”<ENIX
Inl<1.2 1.2<n[<24 - s | |, = |

Rd=10cm o I

R3=Bcm __R{ :l

R2=6cm T T 0

F1=25cm %_@ - L
e

Silicon Vertex Tracker (VTX)

—

Be beampipe r=2cm = . — 7 [Hﬁ_‘ —
|/
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RHIC Forward Upgrade Components
N\
PH;},}%EN'X +  Muon trigger

— U-tracker (MuTr or new)

 Endcap Vertex Tracker Dtracker (6 o RBe
— W-silicon (20-50 X/X0) ~ D-tracker (timing wi s?)
— Cerenkov 7] -

— silicon pixel detectors //
* Nosecone EM Calorimeter A

— shower max /

— tail catcher /

—
X//

1\ w
A
charm/beauty & jets:
displaced vertex i

vy-jet, Wm0 m,x.: W and quarkonium:

calorimeter improved p-trigger rejection
30



E

T ke | B

STAR Preliminary
dEfdx vs p from TPC

]

1/p

STAR Detector Upgrades

Counts
8858

1

"

1.22p,<1.4 GeVic

K P

1] "}5 1 3 2|.5
Mass®(GeV/c®)




Multigap Resistive Plate Chamber
MRPC Technology developed at CERN

Read out pad size
3.15cm=6.3cm

1] m| oo |m 1] |m oo ‘m oo E_I
£-1-1 o000 oo o0 OO0 L-1-J o0 000 oo o000 o0 5
elestiode length = 298 mm

pad width = 32 mm
1

o0 00000 L1 O-0-0 00

| . gap : 6x0.22mm

Tt LA N S B R ST A A R R R B A AT A AN R R R R 2 T AT N Y A BRI AT N A R R B A0 AT A A RN B R 220 A

! cr glazs length — 198 mm . 950/0 C2H2F4
PC boacd, my,ar and owmer glass widih = 216 mm 5% Iso_butane

I'C baard - electrede (graphite) l:l glass
. ] ayla

800 modules, 23,000 readout chan. to cover TPC barrel
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RHIC ﬁs e Silicon Vertex Detector
Thin stiff ladder concept

aluminum kapton cable

(190 pm) Mechanical and
silicon . . .
N chips \‘ integration issues are
X 254 mm Two
carbon composite (75 um) Layers of
Young’s modulus 3-4 times steel APS Existing Silicon

Integration volume and rapid
insertion/removal being studied
using modern 3-D modeling
tools.




—_V_‘ ] ]
=xgul PR SV)'d Gas Electron Multiplier

Used for micro-TPC readout

A micropattern structure produced
in S0um thick copper clad kapton
using lithographic techniques.
55um holes on ~140um centers
Gain up to ~103 for single foil

3M F0|I (J CoIIar) Photo — Bo Yu, BNL

CERN Foil (F. Sauli) Photo—G Jesse
Y F3

I Y




Conclusion

RHIC is in the middle of its fourth year of physics runs

The RHIC accelerator is performing very well. It has
reached its design luminosity in AuAu and is delivering a
broad selection of beam species and energies to the
experiments.

There has been significant physics production to date.
The variety of physics results is remarkable.
— AuAu, pp, dAu data has been used to address physics topics of:
* QGP and hot, high density matter
* Spin Structure of the proton (A, ,, single spin asymmetries)
e Structure function physics (especially at high gluon densities)

Planning for Upgrades to the large RHIC experiments
has started. R&D has begun.

We have a lot to do in the next few years
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